GEMS Simulations of the Impacts of Land Use and Climate Change on Carbon Dynamics in South-Central Senegal
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The Department of Velingara is located in the south-central part of |
Senegal, covering an area of 543,414 hectares. The mean annual [1}
precipitation from 1961 to 1996 was 843 mm with a distinct rainy (June to October) and dry iz
season. The mean monthly temperature is 28.1 °C, fluctuating between 24.4 °C and 32.1 °C. 10 F o
- 2
Ty 28 I
2 z
R
=] i
é 2 %
20 =
1%
160 e 2
) i |
= 1
5, 2
- -
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Estimates of the spatial patterns Starting from the estimated carbon Climate change scenarios from 2000
of carbon stock and fluxes in status in 1900, GEMS simulated the to 2100 were based on the PP
Velingara in 1900 were obtained  impacts of human activities on simulated results of seven global 10000 * Simulated historical grain yield, land in agriculture, net primary productivity, soil
by setting up the GEMS to run for  carbon dynamics by incorporating  climate models (GCMs) (Hulme et 7500 organic carbon forest s, woody debris, and the
1500 years under potential land cover and land use change al. 2001). Three scenarios were * accumulation rate of carbon in fallows were all in agreement with field
ion, climate informa i i ) ) considered in this study: No Climate 5000 . measurements and census statistics.
from 1961 to 1996 (repetitively Carbon stocks in vegetation and Change Scenario (NCCS), Low .
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conditions.

Carbon stocks in vegetation and
soils were measured in
undisturbed forests and used for
model validation.
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Carbon dynamics in vegetation and soils is simulated at the spatial scale of 80 m using the general ensemble
biogeochemical modeling system (GEMS) developed at the USGS EROS Data Center. GEMS is a modeling system that
was developed for a better il ical models with various spatial
databases for the simulations of the blogeochemlcal cyc\es over large areas. GEMS consists of three major components:
one or multiple encapsulated ecosystem models, a data system (DAS), and an input/output
processor (IOP). GEMS deploys the encapsulated model on the basis of a joint frequency distribution of major variables.

grain production and agricultural
area in Velingara were used to
verify model sil
Land use information (e.g., crop
composition, crop rotation
probability, grazing, fire, fertilization
and irrigation) from literature and
census were incorporated in model
simulations.

Change Scenario. We also
investigate the impacts nf two wood
ing scenarios (b
usual scenario, and no commercial
wood harvest). The impact of fallow
on C dynamics is investigated using
two scenarios: business-as-usual
and agricultural intensification
scenario.
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Model simulated changes of spatial patterns of net primary productivity (NPP), C stock in live biomass, soil
organic carbon (SOC) in the top 20 cm layer, and total C stock in the Department of Velingara from 1900 to
1996.

Total carbon stock in vegetation and soils went from 141 MgC ha™ in 1900 to 89 MgC
hain 2000, a reduction of 37%.
The decrease of total carbon stock in this region will continue during the 21st
century unless forest clearing is stopped, selective logging for fuelwood is

r and cli change, if any, is relatively small.
Without further expansion of agricultural land, the ofa i
fuelwood and charcoal production system from the existing forests could be the most
feasible and significant carbon sequestration project in the region.
If future climate changes dramatlcally, as some of the global climate models have
predi the prc y of the will drop more than 2/3 around
2100, posing a serious threat to food security and the efficiency of carbon
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